Prime objective of present study was to design and evaluate ready to compress sustained release spherical agglomerates of Fluvastatin sodium. Crystallo-co-agglomeration technique of spherical crystallization utilizing acetone-acetonitrile system was used to prepare spherical agglomerates of drug in presence of Eudragit RS100 and RL100 as release retardant polymers. Prepared agglomerates were subjected for evaluation of flow, packing, mechanical, compaction properties as well as in-vitro dissolution study. Morphology of spherical agglomerates was evaluated by SEM and drug-polymer compatibility was carried out by DSC, FTIR and XRD. Matrix beads were generated having uniform dispersion of drug with enhanced flow, packing, compaction and mechanical properties which can be attributed to spherical shape of agglomerates as revealed in SEM photomicrographs. Higher crushing strength of agglomerates was indication of good mechanical strength. Improved compressibility of agglomerates was indicated by lower values of σ0, improved tensile strength and reduced elastic recovery. DSC, FTIR and XRD showed that drug did not undergo structural or polymorphic alterations in presence of polymers. In-vitro dissolution study suggested utilization of process for sustained release of fluvastatin sodium for sufficiently prolonged period of time depending on polymer concentration. Thus, crystallo-co-agglomeration method can be successfully utilized for development of directly compressible sustained release agglomerates.
INTRODUCTION
Sustained release dosage forms offer consistent therapeutically effective concentration in the systemic circulation for prolonged duration of time and maintain homogeneous therapeutic effect, which improve patient compliance (Chien and Lin, 2006) . Controlled drug delivery can be obtained by judicious combination of natural or synthetic polymer with a drug in such a way that it releases drug in a predetermined manner. Drugs with shorter biological half life and low bioavailability require to be formulated as sustained release dosage forms to reduce dosing frequency and improve bioavailability. . Amongst various techniques available, spherical crystallization has gained more attention in the preparation of sustained release microparticles.
The technique is advantageous as it formulate microparticles with desired characteristics which can be employed as a directly compressible material (Maghsoodi and Yari, 2015) . The technique can also be modified to a simple, consistent and economical method for the preparations of spherical matrices for sustained release of drugs. Sustained release spherical agglomerates of various drugs (Mahajan et al., 2009; Ozyazici et al., 2012) were prepared using spherical crystallization in combination of various polymers to prepare drug devices with prolonged drug release and improved bioavailability. Crystallo-coagglomeration is a amendment of spherical agglomeration technique devised to surmount the restrictions of spherical agglomeration to produce directly compressible agglomerates of poorly compressible drug(s) in combination with diluents (Kadam et al., 1997; Pawar et al., 2004; Jadhav et al., 2007) .
Using CCA with proper selection of excipients/polymers, drug release can also be modified from drug loaded agglomerates or compacts of agglomerates (Jadhav et al., 2010; Gadekar et al., 2011) . CCA technique involves simultaneous crystallization and agglomeration of drug particles with or without excipients from good solvent and bridging liquid by addition of a poor solvent. Sometimes, good solvent also serves as bridging liquid. Presence of suitable excipient greatly affects the properties of agglomerates (Garala et al., 2012; Raval et al., 2013) . Utilization of CCA in designing spherical agglomerates having excellent micromeritic and compression properties with satisfactory mechanical strength has been revealed in various studies. The technique has been successfully utilized for improving processability via enhancement in flow, compaction and packing properties (Maghsoodi et al., 2007; Maghsoodi and Tajalli Bakhsh, 2011) . So far the technique has been applied for preparation of directly compressible sustained release agglomerates by few scientists (Jadhav et al., 2010; Gadekar et al., 2011) ; it is further required to study successful utilization of technique for the same. The present study was designed to employ crystallo-co-agglomeration in the preparation of sustained release spherical agglomerates in combination with polymer.
Fluvastatin sodium ((3S,5R,6E)-7-[3-(4-fluorophenyl)-1-(propan-2-yl)-1H-indol-2-yl]-3,5-dihydroxyhept-6-enoic acid monosodium salt), is the first-generation statin of synthetic origin, used as antihyperlipidemic drug. It is a potent inhibitor of hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase, the rate limiting enzyme in cholesterol biosynthesis. The drug has low bioavailability due to extensive first pass metabolism in the liver, less GI residence time and relatively short half life (1.2 hours) and so requires frequent dosing if formulated in the forms of conventional dosage form (Williams and Lemke, 2002) . Many attempts have been made to develop sustained release preparation with extended clinical effects and reduce dosing frequency (Venkatesh et al., 2012; Gupta et al., 2014; Saini and Saini, 2016) . The objectives of this study were to prepare directly compressible sustained release spherical agglomerates containing Fluvastatin Sodium by crystallo-co-agglomeration and to evaluate the prepared agglomerates for micromeritic, mechanical and compression properties and dissolution behavior.
MATERIALS AND METHODS

Materials
Fluvastatin sodium was procured from Suven Life Sciences Ltd., Hyderabad, India. Eudragit RS100 and Eudragit RL100 were procured from Corel Pharma-Chem, Ahmedabad, India. Acetone and acetonitrile were purchased from Merck Pvt. Ltd., Mumbai, India. All other solvents and chemicals used were of analytical grade (Loba Chemie Pvt. Ltd., Mumbai, India).
Preparation of agglomerates
Microparticles of Fluvastatin sodium were prepared by crystallo-co-agglomeration employing two solvent system i.e. good solvent and poor solvent. Acetone and acetonitrile were selected as good solvent and poor solvent respectively. Acetone also works as a bridging liquid. A procedure was designed where the drug (3 g) and polymer (1-3 g) were dissolved in acetone and added to the poor solvent (acetonitrile). The mixture was stirred continuously at the rate of about 350 RPM using magnetic stirrer. The stirring was persistent for about 3 hours. Crystallization of drug due to antisolvent effect of poor solvent and agglomeration of crystallized drug in presence of bridging liquid resulted into formation of spherically agglomerated microparticles. Finally the co-precipitated agglomerates of the drug-polymer were filtered and dried in desiccators at ambient temperature. Various types and concentration of polymers, as shown in Table 1 , were used and optimized for good agglomeration. Loading efficiency and yield of agglomerates Loading efficiency, expressed as percentage (%), is the ratio of experimentally calculated drug content to the theoretical value.
Experimental drug content was determined by dissolving 50 mg of agglomerates into 50 ml of 0.1 N sodium hydroxide solution in a volumetric flask and diluted 5 ml of resulting solution to 100 ml with 0.1 N sodium hydroxide solution. Absorbance of diluted solution was measured at 304.0 nm. The experimental drug content was calculated using calibration equation. The loading efficiency was calculated using formula:
The % yield of agglomerates was determined by weighing agglomerates after drying. The % yield of agglomerates was calculated using following equation.
Micromeritic parameters
Micromeritic parameters like particle size analysis and flow properties of untreated drug and agglomerates were evaluated. The particle size analysis was performed by optical microscopy method. The size and size distribution of the agglomerates were determined by using eye piece micrometer which was calibrated using stage micrometer. The size of 50 arbitrarily selected agglomerates was considered and average diameter was calculated.
For the evaluation of flow property of the prepared agglomerates; angle of repose, Carr's index and Hausner's ratio were determined. Angle of repose was measured by using fixed funnel method. The agglomerates were allowed to flow through a funnel fixed at a constant height (h) until the apex of the conical pile so formed touched the tip of funnel. Mean diameters (2r) of the pile of powder cone were measured and the angle of repose was calculated.
The Carr's index and Hausner's ratio were calculated from poured bulk density (ρ 0 ) and tapped bulk density (ρ t ). Electrolab tap density tester was utilized to determine poured and tapped bulk densities of untreated drug and agglomerates.
Packability and compactability parameters
Packability and compactibility parameters like a (compressibility), 1/b (cohesiveness) and K (Kuno's constant) were determined by Kawakita and Kuno's equations (Kawakita and Ludde, 1971; Denny, 2002) . The values of 'a' and '1/b' was computed from the slope and intercept obtained from the linear plot of n/C Vs n.
Where, C = (V 0 -V n )/V 0 ; n is number of tapping; V 0 is initial volume and V n is volume after n no. of tap; q 0 is initial density, q n is density at n tap and q t is density at infinite tap; a, b and K are the constants representing packability and compactibility of powder under mechanical force.
Heckel plot analysis
The compression behavior of pure drug crystals and prepared agglomerates were evaluated by Heckel plot analysis. Compacts of drug and agglomerates (100 ± 5 mg) were prepared using a 6-mm flat-faced punch at the constant compression speed at different pressures (10, 20, 30 and 40 MPa) (Maghsoodi et al., 2008) . Dispersion of 1 % w/v magnesium stearate in acetone was used to lubricate the punch and die. The compression characteristics of the agglomerates were expressed as parameters of Heckel equation (Heckel, 1961a; Heckel, 1961b) .
Where, E is the % porosity of the tablet, P is the applied pressure, K is the slope of Heckel plot; P y , reciprocal of K, is the mean yield pressure. The constant A expresses the densification at low pressure. The value of E can be calculated using following equation.
Where, W = weight of tablet mass, P t = true density, H = thickness and D = diameter
Mechanical handling properties
Elastic recovery of compacts was measured using the compacts prepared from pure drug crystals and agglomerates. After determination of thickness immediately after ejection (H c ), the compacts were subjected for the 24 hr relaxation and thickness of the compacts was measured again after relaxation (H e ). Elastic recovery was calculated using the equation (Armstrong and Haines-Nutt, 1974) .
After determination of elastic recovery, compacts prepared for Heckel plot analysis were used to determine tensile strength. For measurement of tensile strength, the force necessary to break compact (F) was measured (Rubinstein and Musikabhumma, 1978) . The tensile strengths of the compacts were computed using following equation (Rundick et al., 1963; Fell and Newton, 1970) .
Where, D and t are the diameter and thickness of the compacts respectively.
Mercury loaded cell method utilizing 10 ml hypodermic glass syringe was used to determine crushing strength of the prepared agglomerates (Jarosz and Parrot, 1983) . The agglomerate was positioned inside the syringe and the mercury was added at constant rate through hollow syringe tube until agglomerate broke. The total weight in g of the tube with mercury, at the stage where agglomerate breaks was measured which gives the value of crushing strength of the agglomerate.
Surface topography and sphericity determination
Surface morphology was observed by photomicrographs of the drug and prepared agglomerates taken using optical microscope. To evaluate shape of prepared agglomerates, sphericity determination was performed. Photomicrographs of the agglomerates were taken and tracings of the enlarged photomicrographs were used for the measurement of area (A) and perimeter (P') of agglomerates. Sphericity determination of agglomerates was performed by calculating shape factor (P) and circularity factor (S) from the area (A) and perimeter (P') of the agglomerates using following equations .
Shape Factor (P) = P"/P' Where, P" = 2π (A/π) 1/2 Circularity Factor (S) = (P') 2 /4πA
Differential Scanning Calorimetry DSC was performed to evaluate drug-polymer compatibility. DSC thermograms of the pure drug crystals and prepared agglomerates were recorded using DSC-60 (Shimadzu, Tokyo, Japan) calorimeter to study the thermal behavior of drug and agglomerates. The instrument comprised of calorimeter (DSC 60), flow controller (FCL60), thermal analyzer (TA 60WS) and operating software (TA 60).
The samples (4-6 mg) were kept in hermetically sealed aluminum pans and heated in the temperature ranging from 45±1° C to 300°C at a scanning rate of 10°C/min in air atmosphere. Empty aluminum pan was used as a reference.
Fourier Transform Infra-red (FT-IR) Spectroscopy
To evaluate the drug-polymer compatibility and structural modification of drug during crystallization and agglomeration, FT-IR spectra of pure drug and prepared agglomerates were recorded. Infrared spectra of pure drug and agglomerates were performed using IR Spectrophotometer (FTIR 8400 Spectrophotometer, Shimadzu, Japan). The samples (approx. 2-3 mg) were homogeneously mixed with KBr and pressure was applied to compress them into disc or pellet. The IR Spectra were recorded by placing the pellets in light path.
Powder X-ray Diffractometry
PAN Analytical diffractometer system (Xpert pro PW 30-40/60) was used to record x-ray diffraction pattern for pure drug crystals and prepared agglomerates. The instrument comprised of a copper target and scintillation counter detector [45 kV voltage and a current of 40 mA in the range of 5-60 (2θ), 0.016 (step) and 30 s].
Non-rotating sample holder was used at room temperature as temperature of acquisition. The diffraction pattern was analyzed in 2θ range of 5° to 60°.
Scanning Electron Microscopy
The shape and surface characteristics of pure drug crystals and agglomerates were examined by Scanning Electron Microscope (Make: ZEISS; Model No. : EVO-18-13-04). Sample kept in sputter coater (Make: Emitech, model no. SR7620) for 4 min and process current was 10 mA. SEM photomicrographs were used to observe surface characteristics, agglomeration efficiency as well as packing of agglomerated crystals.
In-vitro Dissolution Study
In vitro dissolution studies for prepared agglomerates were performed using USP Apparatus I (Basket type) to assess the effect of agglomeration process and polymers on drug release. 1000 ml of water (deaerated) was used as a dissolution medium at 37°±0.5°C and 50 RPM (as per USP).
Samples of 5 ml were withdrawn at a pre-determined time intervals (0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 hours) and each time the same amount of dissolution medium was added to replace the withdrawn samples. After suitable dilution with 0.1 N NaOH, samples were analyzed by UV-spectrophotometer at 304.0 nm and the cumulative % drug release was calculated.
RESULTS AND DISCUSSION
Preparation of co-agglomerates
The crystallo-co-agglomeration of drug with polymer was carried out using two solvent system including acetone as a good solvent and acetonitrile as a poor solvent. For preparation of agglomerates, speed (450 RPM), time of stirring (3 Hr), and other processing parameters were determined and fixed to optimum through preliminary trials. Mechanism of formation of agglomerates by crystallo-co-agglomeration involves crystallization of the drug by antisolvent and simultaneous agglomeration of crystals due to formation of liquid bridges by bridging liquid in presence of polymer. After filtration and drying, agglomerates were produced with homogeneous dispersion of crystallized drug throughout polymer matrix.
The % yield and % loading efficiency of agglomerates were found satisfactory as depicted in Table 2 . Results indicated that crystallization of drug and polymer was at the maximum amount to generate agglomerates without any significant loss of drug. Increased yield at higher polymer concentration was an indication of role of polymer in agglomeration of crystals by enhancement of formation of bridging and bonding between agglomerated crystals. Table 3 shows micromeritic parameters for pure drug crystals and prepared agglomerates. The results indicated substantial improvements in micromeritic properties of drug by agglomeration in presence of polymers. Particle size analysis was performed to determine mean diameter for each batch using optical microscopy. As revealed in Fig. 2 and Fig. 3 , agglomerates formed were in the size range of 100 to 500 µm with the mean size of around 300 µm (Table 3) . These findings indicated 10-20 folds rise in mean diameter of agglomerates compared to pure drug crystals which indicated growth of particles by simultaneous agglomeration after crystallization due to enhanced bonding and bridging formed in presence of polymers. Particle size was also affected by polymer concentration. As concentration of polymer increased, the particle size distribution shifted to higher size range indicating more agglomeration in presence of polymers. Improved flow property of agglomerates (Table 3) compared to pure drug crystals was revealed in results of angle of repose, Carr's index and Hausner's ratio. There was significant drop in Carr's index, Hausner's ratio and angle of repose of agglomerates compared to pure drug crystals. It indicated considerable improvement in flowability and packability of agglomerates. This can be attributed to formation of spherically agglomerated crystals with smooth surface by process of crystalloco-agglomeration in presence of polymers (Joshi et al., 2003) . Table 4 shows smaller values for parameter a (compressibility) and parameter 1/b (cohesiveness) for agglomerates than that of the pure drug crystals calculated by Kawakita equation. This indicated of notable improvement in packing and compaction properties of agglomerates compared to pure drug crystals. These results were also supported by increased values of K (Kuno's constant) for agglomerates compared to pure drug crystals. These can also be supported by results in Table 4 showing higher values of K (Kuno's constant) for agglomerates compared to that of pure drug crystals, calculated using Kuno's equation. Results also indicated improved rate of packing processes for agglomerates than that of pure drug crystals. The improvements in packing and compression properties could be attributed to formation of dense particles with increased particle size and sphericity by crystallo-co-agglomeration in presence of polymers (Sarfaraz et al., 2011) .
Micromeritic parameters
Packability and compactability parameters
Heckel plot analysis
Density of compacts formed when maximum pressure (60 MPa) was applied on the powder/agglomerates was considered as the true density (Barot et al., 2010) . The parameters of Heckel plot for pure drug crystals and agglomerates are depicted in Table  5 . As shown in Table 5 , agglomerates possessed improved packing and compression properties compared to pure drug crystals. The linearity in the Heckel plot (Fig. 4 and Fig. 5 ) was a suggestion of plastic deformation. In the Heckel plot equation, "K" is an indication of plastic behavior of the material (Fig. 4 and Fig. 5 ). Bigger the value of "K", better is the plasticity in material. Moreover, results of Heckel plot analysis showed smaller values of "A" for agglomerates compared to pure drug crystals. The results are an indication of lower compression pressure requirements for obtaining closest packing of agglomerated crystals as well as improved densification (Di Martino et al., 2000) . Lower value of yield strength in case of agglomerates prepared in presence of polymer indicated a little resistance to compression pressure and easy compaction. Thus, findings of Heckel plot analysis suggested utilization of agglomerates for direct compression as they generate new surface by easily cracking and undergo plastic deformation under compression (Kawashima et al., 2003) .
Mechanical handling properties
Improvements in mechanical handling parameters were revealed in results depicted in Table 6 . The values of crushing strength for agglomerates were higher (Table 6 ) indicating excellent strength. It is also a sign of higher bonding property. This could be accredited to increased bridging and bonding during agglomeration of crystals with polymers. As revealed in Table 6 , crushing strengths of agglomerates were directly related to polymer concentration which indicated role of polymers in formation of strong interpaticulate forces between agglomerated crystals due to enhanced bridging and bonding. Good mechanical strength of agglomerates might be attributed to increased cohesive interaction resulting in enhanced binding and close packing between agglomerated crystals . Higher values of tensile strength of agglomerates compared to pure drug crystals indicated improvement in mechanical handling properties of agglomerates (Table 6 ). High tensile strength of compacts of agglomerates compared to that of pure drug crystals indicated strong interparticulate bonding generated between agglomerated crystals produced by crystalloco-agglomeration in presence of polymers (Maghsoodi et al., 2007) .
Smaller values of elastic recoveries in the case of agglomerates indicated good agglomeration between particles. The results also indicated that agglomerates could easily rupture to generate new surface which might be attributed to plastic deformation (Kawashima et al., 2003) . Decreased elastic recoveries with increase in polymer concentration indicated role of polymers in plastic deformation and compaction of agglomerates prepared by crystallo-co-agglomeration. These also indicated higher bonding produced by polymers.
Surface topography and sphericity determination
As shown in photomicrographs (Fig. 6) , agglomerates showed remarkable enhancement in surface characteristics and sphericity compared to pure drug crystals. Pure drug crystals possess irregular shape with more quantity of fines resulting in more electrostatic charges which eventually lead to vastly poor flow and compaction properties (Kumar et al., 2008) . Table 7 shows values of shape and circularity factors for agglomerates. The results obtained in the shape and circularity factors were close to unity (1) showed that the agglomerates possess nearly spherical shape. Improved results of flow and compression properties can be accredited to the shape towards sphericity. 
Differential Scanning Calorimetry
As revealed in Fig. 7 , sharp endothermic peaks were observed in DSC thermogram of pure drug crystals and agglomerates indicating uniformity in crystalline structure. Peaks were observed at 146.88 °C, 147.09 °C and 148.13 °C for untreated drug, agglomerates prepared with Eudragit RS100 and agglomerates prepared with Eudragit RL100 respectively indicating no significant difference in melting points. The results indicated absence of drug-polymer interaction as well as material was not affected by process of crystallo-co-agglomeration in presence of polymer. 
Fourier Transform Infra-red (FT-IR) Spectroscopy
FT-IR spectra of agglomerated crystals showed almost all peaks of the drug (Fig. 8) . FTIR spectra of pure drug and agglomerates shows the peaks corresponding to functional groups at 1155 cm -1 (C-O stretching), 1215 cm -1 , (C-N), 1582 cm -1 (C=O stretching), 3400 cm -1 (very broad, O-H stretch), 966 cm -1 (aryl-F), indicating no molecular change in the drug during process of crystallo-co-agglomeration in presence of polymers as well as absence of drug-polymer interaction. 
X-ray diffractometry
As shown in XRD spectra of pure drug crystals and agglomerates, the characteristic diffraction peaks of drug were detectable in the XRD spectra of agglomerates (Fig. 9) . These findings indicated that particles crystallized in presence of polymers did not undergo structural or polymorphic alterations (Gupta et al., 2007) . Although, identical peak intensities were there for the drug as well as agglomerates, change in the relative intensities of their peaks may be due to differences in the crystallinity of the drug and agglomerates (Jbilou et al., 1999) . To identify the presence of polymers is very difficult as they may have amorphous structure and therefore no sharp peaks were appeared at particular 2θ, due probably to lower crystallinity of the polymers (Maghsoodi et al., 2008) . 
Scanning Electron Microscopy
As shown in the SEM photographs of the pure drug crystals (Fig. 10) , it has very fine crystals with irregular shape which possess poor flow and compaction properties. As shown in Fig. 11 and Fig. 12 , agglomerates prepared with polymers possessed good agglomeration with smooth surface. The agglomerates prepared with polymers have improved flowability and compactibility as compared to pure drug crystals which can be attributed to improved agglomeration of crystals as well as smooth surface. As revealed in the Fig. 11 and Fig. 12 , agglomerates were generated with uniform packing and well developed edges with spherical shape. The results also indicated that crystals were agglomerated in presence of polymers to form compacted spherical agglomerates. Moreover, agglomeration was more efficient when polymers were used. This can also be correlated with improved results of flow and compaction parameters as well as results of shape and circularity factors. 
In-vitro dissolution study
As shown in Fig. 13 and Fig. 14 , the rate of dissolution of untreated drug is fast. Short biological half life requires frequent dosing to maintain plasma concentration. The agglomerates prepared in presence of polymer have controlled rate of drug dissolution depending upon type and concentration. Types of polymer have profound effect on dissolution rate of drug. Amongst Eudragit polymers, Eudragit RS100 has more retardant effect compared to Eudragit RL100 which may be due to more number of quaternary ammonium groups present in Eudragit RL100 making it more permeable. Drug release rate is inversely proportional to the polymer concentration. As concentration of polymer increased, retardant effect of polymer also increased resulting in prolonged drug release for extended period of time depending on polymer concentration.
CONCLUSION
Crystallo-co-agglomeration has been effectively utilized as agglomeration technique to prepare sustained release agglomerates of fluvastatin sodium with polymers. Agglomerates obtained with improved micromeritic, mechanical and compression properties. Spherical agglomerates have increased particle size with improved flow properties and packability indicating reduced interparticulate friction. Agglomerates also possessed sufficient mechanical strength as well as improved compaction and compression properties due to remarkable fragmentation and increased tensile strength indicating utilization of agglomerates for direct compression. Sphericity of agglomerates can be revealed in photomicrographs, SEM photos and results of shape and circularity factors.
In-vitro dissolution study revealed sustained release of drug over an extended period of time which was dependent on polymer concentration. DSC, FTIR and XRD results indicated absence of drug -polymer interaction. Thus, this simple, reliable and economic technique enables us to obtain directly compressible sustained release agglomerates in combination with polymers.
